OBJECTIVE: To investigate the interaction of a family history of diabetes with obesity and physical inactivity on diabetes prevalence in middle-aged and elderly men and women. DESIGN: A cross-sectional population-based study. SUBJECTS: 2912 men and 3561 women, aged 45 ± 74 y. MEASUREMENTS: Body mass index (BMI), HbA 1C , self-administered questionnaire including questions on occupational physical activity and personal and family history of diabetes as part of the Norfolk arm of the European Prospective Investigation into Cancer (EPIC-Norfolk). RESULTS: The prevalence of diabetes increased in a dose ± response relationship with increasing BMI. There was an interaction between family history and obesity on diabetes risk in subjects with a BMI of greater than 27.5 kgam 2 (P 0.049). Crude prevalence in individuals without a family history and BMI of 22.5 ± 24.9 kgam 2 was 2.2% compared to 33.3% in those with a family history and BMI over 35 kgam 2 . Thirty-eight percent of the excess risk of diabetes in people with a family history could be avoided if their BMI did not exceed 30 kgam 2 . Individuals who reported sedentary occupations were at greater risk of diabetes compared to those reporting more active occupations. There was a synergistic effect of family history and self-reported occupational physical activity on diabetes risk. CONCLUSION: Individuals with a family history of diabetes are at increased risk for the metabolic consequences of obesity and form an easily identi®able group who may bene®t from targeted intervention to prevent the development of obesity through increased physical activity.
Introduction
Obesity and physical inactivity are important modi®-able risk factors for type 2 diabetes. 1 Risk increases in a dose ± response relationship with increasing levels of obesity 2 ± 4 and decreasing physical activity. 5 ± 9 A positive family history of diabetes is also a wellestablished risk factor. 10 Although it is recognized that obese people with a family history of diabetes are at high risk of developing type 2 diabetes, few studies have quanti®ed the excess risk of obesity in this group. 11, 12 Little is known about the interaction of family history and physical inactivity on diabetes risk.
People with a family history of diabetes may form a sub-group who might bene®t from targeted intervention to prevent the development of obesity through increased physical activity. In order to estimate the potential impact of preventing or reducing obesity in this high-risk group, we present data from a population-based study to show the in¯uence of family history, obesity and physical activity on the prevalence of diabetes.
Subjects and methods
Subjects for this analysis were recruited between 1995 and 1997 as part of the East Anglian component of the European Prospective Investigation into Cancer (EPIC-Norfolk). This study is a multicentre international cohort designed to investigate the relationship between diet, cancer and other chronic diseases. The detailed design and operation of the study have been described previously. 13, 14 Brie¯y, the intention was to recruit a cohort of 25,000 persons who were prepared to participate in a prospective study and 77,630 invitations were sent. By April, 1998 the target was achieved with 25,595 participants attending a health check. The characteristics of the cohort in comparison to a British national sample have been examined. 14 At a baseline survey between 1993 and 1998, men and women aged 45 ± 74 y were identi®ed from participating general practice patient lists and invited by mail to participate in the study. Volunteer subjects completed a detailed health and lifestyle questionnaire. Family history of diabetes was ascertained by a positive response to the diabetes option of the question`Have any of your immediate family had any of the following conditions?' Subjects recorded the approximate age at which diabetes ®rst occurred in mother, father andaor siblings.
Subjects were asked to choose among four options to describe the type and amount of physical activity involved in their work. These options were sedentary (most of time sitting), standing (most time standing or walking but no intense physical activity), physical work (handling heavy objects and use of tools) or heavy manual work (very vigorous physical activity). A validation study comparing this question to repeated measurements of free-living energy expenditure suggested that this question is a repeatable and valid measure of usual energy expenditure. 15 Smoking history was derived from the yesano responses to the questions`Have you ever smoked as much as one cigarette a day for as long as a year?' and`Do you smoke cigarettes now?' Current smokers recorded the number of cigarettes smoked daily. Alcohol consumption was obtained from a food frequency questionnaire.
Following completion of the questionnaire, subjects were invited to attend the general practice surgery where trained research nurses performed a health check. The height and weight were measured with subjects in light clothing and with their shoes removed. Height was measured to the nearest 0.1 cm using a stadiometer. Weight was measured to the nearest 100 g using Salter scales. These were used to calculate the body mass index (BMI): weight (kg)aheight 2 (m 2 ). Starting from November 1995, a sample of EDTAanticoagulated blood was taken for HbA 1C measurement. The blood was stored in a refrigerator at 4 ± 7 C until transported at ambient temperature within a week of sampling to be assayed. The HbA 1C assays were carried out using HPLC on a Biorad Diomat. 16 The coef®cient of variation was 3.6% at lower end of the range (mean 4.94%) and 3.0% at the upper end (mean 9.76%).
Subjects were de®ned as having prevalent diabetes if: (1) they responded positively to the diabetes option of either of the questions:`Has the doctor ever told you that you have any of the following?' or`Have you modi®ed your diet in the past year (give reasons)?'; or (2) if they had HbA 1C measurement !7% and were not otherwise identi®ed as having diabetes. A cut-off point of 7% was chosen because only 4% of individuals would be misclassi®ed as having abnormal glucose tolerance above this level. 17 
Statistical analysis
Statistical analysis was performed using SAS Version 6.12 (SAS Institute, Cary, NC). Subjects with complete data on body mass index and HbA 1C entered by July 1998 formed the study sample. Of the 10,242 subjects recruited after November 1995, 6596 met these criteria. The prevalence of diabetes in categories of present BMI and self-reported occupational physical activity was directly standardized for age and sex using the whole EPIC study sample as the standard population. Subjects with no family history of diabetes who were in the 22.5 ± 24.9 BMI category formed the reference group for calculation of odds ratios of having prevalent diabetes with increasing BMI and presence or absence of a family history. Adjustment for age in 5 y age bands and sex was done using the Mantel ± Haenszel test. 18 Interaction between family history of diabetes and BMI and family history and self-reported occupational physical activity were tested by including interaction terms in a logistic regression model where sex and age (continuous) were the other independent variables. Logistic regression was also used to examine the effect of smoking history (current, former or never), alcohol consumption (quartiles) and waist ± hip ratio (WHR) as potential confounding factors. A total of 858 (13.9%) subjects had a family history of diabetes; 639 with parental history, 148 with sibling history and 71 with both. The crude prevalence of diabetes was 5.1% in men and 3.0% in women. Undiagnosed diabetes (HbA 1C !7%) accounted for 28% and 30% of the total prevalence in men and women, respectively. Men and women with a self-reported family history of diabetes had signi®cantly higher mean BMI than those without such a history. There was no difference in mean age between the groups (Table 1) .
Results

Data
Data on self-reported occupational physical activity were available for 2023 men and 2241 women. A higher proportion of men reported physical or manual occupations compared to women. There was no signi®cant difference in occupational physical activity with respect to family history status in either sex ( Table 1) .
The prevalence of diabetes was greater in subjects with a family history of diabetes compared to those without. Within each group the risk rose with increasing BMI. In subjects with a present body mass index over 35 who had a family history of diabetes, the Family history, obesity and diabetes LA Sargeant et al prevalence of diabetes was 33% ( Table 2 ). Figure 1 shows these data after direct standardization for age and sex. A positive family history was associated with an overall unadjusted odds ratio (OR) for prevalent diabetes of 2.30 (95% CI 1.72 ± 3.09). Adjustment for age and sex did not alter this association, (OR 2.52, 95% CI 1.89 ± 3.37). A statistically signi®cant interaction was demonstrated between family history and BMI in subjects with BMI over 27.5 kgam 2 (P 0.049). Compared with subjects with no family history in the 22.5 ± 24.9 kgam 2 BMI category, the age-and sex-adjusted OR (95% CI) of prevalent diabetes in the absence of a family history increased to 6.14 (3.36 ± 11.23) in the over 35 kgam 2 category (Figure 1) . A similar increase was present among subjects with a positive family history but the risk was greater. In this group, comparing the over 35 kgam 2 BMI category with the 22.5 ± 24.9 kgam 2 category the OR (95% CI) was 8.07 (3.16 ± 20.57). Compared with subjects with no family history in the 22.5 ± 24.9 kgam 2 BMI category, the OR of 26.7 for prevalent diabetes in subjects in the over 35 kgam 2 BMI category with a positive family history was in excess of the expected multiplicative risk from the combination of both risk factors. The expected risk was 15.47 (the product of 2.52 (for family history) and 6.14 (for BMI category)).
These data allow a computation of the excess risk in particular sub-groups of obesity. If subjects with a positive family history of diabetes had a BMI below 30 kgam 2 , an estimated 38% of the excess prevalence of diabetes could be prevented in this group. The average age and sex standardized prevalence of diabetes in subjects without a family history who had BMI of less than 30 kgam 2 was 2.63% ( Figure 1 ). If this prevalence applied to all those with a positive family history, 22.5 cases of diabetes would be expected. The age-and sex-adjusted OR (95%CI) associated with a family history in subjects with BMI of less than 30 kgam 2 was 2.09 (1.42 ± 3.06). This means that if all subjects maintained BMI of less than 30 kgam 2 , a positive family history would result in an excess of 24.5 cases (2.09Â22.5À22.5). However, applying the standardized prevalence estimates in each BMI category among subjects with a family history provides 62.1 cases in this group. The excess of cases due to both family history and BMI greater than 30 kgam 2 was therefore 39.6 (62.1À22.5). Since 24.5 excess cases can be attributed to family history alone, the resulting 15.1 cases are attributable to having BMI greater than 30 kgam 2 . Consequently, obesity accounts for 38% (15.1a39.6) of the excess prevalence in this sub-group.
We also examined the interaction between physical activity and a family history of diabetes. The prevalence of diabetes was highest among subjects who reported having sedentary occupations ( Figure 2 ). As expected, increasing self-reported occupational physical activity was associated with a lower prevalence of type 2 diabetes. This trend was most striking among those with a positive family history of diabetes, but did not reach conventional statistical signi®cance (P 0.13). Similar trends were found for both men and women. The interaction between family history and self-reported occupational physical activity was not statistically signi®cant (P 0.35).
The association between obesity and self-reported occupational physical activity is shown in Table 3 . Obese individuals were more likely to report sedentary occupations and less likely to report physical or manual occupations. These differences were statistically signi®cant in men (P 0.016) but not in women (P 0.096).
Family history of diabetes, BMI and self-reported occupational physical activity each had an independent effect on risk of diabetes when included in the same regression model. They remained signi®-cant when WHR, smoking history and alcohol consumption were added to the model (Table 4) .
Discussion
The results show that the rise in the prevalence of diabetes with increasing BMI is accentuated by the presence of a positive family history of diabetes. We estimate that 38% of the excess risk of diabetes in subjects with a positive family history could be avoided if the BMI remained below 30 kgam 2 . The synergistic effect of family history and obesity on diabetes risk in this study is consistent with the results of previous similar studies. 11, 12 Among the Pima Indians, a history in one or both parents was associated with much higher incidence rates of diabetes with increased levels of obesity than in those without parental history. The difference was particularly marked in those whose BMI was over 30 kgam 2 . 11 Morris et al found a similar synergistic effect of family history and obesity on prevalence of diabetes among a population of women in a weight loss programme. 12 However, these studies were undertaken in speci®c populations. The prevalence Family history, obesity and diabetes LA Sargeant et al of diabetes among Pima Indians is amongst the highest in the world, and they are also more obese than the general population in the USA. Sixty percent of males aged 25 ± 34 y old were above the 90th percentile of the US population for BMI. 11 In the study by Morris et al, which included only women, those in the weight loss programme were on average 32% heavier than their ideal body weight. 12 This study also has a greater potential for recall bias than a population-based study like EPIC.
The participants in the EPIC-Norfolk study were selected from the general population of this area of the UK, and are thus reasonably representative. In line with the population of East Anglia as a whole, they were predominately Caucasian and were not selected on the basis of presumed risk for diabetes or other chronic diseases. Therefore, the possibility of selection bias is small. The mean BMI and prevalence of Figure 2 Age-and sex-adjusted prevalence of diabetes by self-reported occupational physical activity categories and presence or absence of family history of diabetes in 2023 men and 2241 women, aged 45 ± 74 y, EPIC-Norfolk cohort, 1995 ± 1998; crude prevalence of diabetes in each physical activity category is shown at the bottom of the ®gure. ) were similar to those from national representative surveys. 14, 19 The risk estimates for prevalent diabetes with increasing levels of obesity are unlikely to be due to chance. However, we cannot exclude chance as an explanation for the synergistic effect on diabetes risk of family history and self-reported occupational physical activity due to the relatively small numbers of individuals who had data on both exposures. One of the reasons for the smaller effect of physical inactivity on the prevalence of Type 2 diabetes compared to that of obesity is the measurement error in the assessment of activity. Although the single question on selfreported occupational activity has been compared with objectivity measured energy expenditure, it is still a relatively poor measure of the true underlying exposure, which in this case is habitual energy expenditure. 20 As with all epidemiological exposures measured with error, this random misclassi®cation will lead to a biasing of the observed effect towards unity. 21 Thus it is likely that the true effect of physical inactivity is much greater than that observed in this study because of this attenuation phenomenon. This problem also applies to the quanti®cation of the interaction term since a study of greater size and power is required to demonstrate interaction between factors that are measured with non-differential error.
People with known diabetes may be more likely than others to report a family history but this potential bias is unlikely to account for the observations in this study, as the magnitude of the association between family history and diabetes is similar to that seen in prospective studies where such a bias is unlikely. 22 It is also possible that an ascertainment bias for diabetes may occur in obese individuals and especially so if a family history is present. This bias is reduced by the inclusion of subjects who were not previously diagnosed as having diabetes but had HbA 1C measurement !7%. We had no data on the criteria used to diagnose diabetes in those having self-reported diabetes but since they were recruited through their doctors' practices it is likely that the diagnoses were clinically con®rmed.
Potential confounding by smoking history and alcohol consumption does not explain our ®ndings. We did not adjust for social class but it is likely that its in¯uence on diabetes risk could be mediated through smoking and alcohol consumption patterns, as well as through occupation. Although we included WHR as a potential confounder, this may lead to overadjustment since WHR is also a measure of obesity and is correlated with the measure of overall obesity, BMI. 23, 24 Subjects who reported sedentary occupations were also likely to be obese. Physical inactivity may be causally related to obesity and may be part of the pathway linking obesity and diabetes. 25 ± 27 In addition, the error involved in measuring physical activity is likely to be much greater than that of measuring the BMI. Since physical activity is less precisely measured, adjustment for BMI would result in underestimation of its true effect.
Due to limitations of cross-sectional analysis to determine temporality, reverse causation could explain some of our ®ndings. It is possible, but unlikely, that the symptoms of hyperglycaemia or the diagnosis of diabetes could cause individuals to change to less physically demanding occupations or to report the activity that they undertake differently. However, such a change would not be likely to be in¯uenced by a family history of diabetes. Data from the Pima Indians indicate that the diagnosis of diabetes is associated with weight loss, therefore, if anything, the direction of the bias caused by reverse causation would be to decrease the association between BMI and prevalent diabetes.
11
Family history is a surrogate marker not only for genetic susceptibility to diabetes, but also environmental factors that cluster in families. 28, 29 However, whatever its pathophysiological basis, it is an easily identi®able marker that could be used to identify a sub-group of individuals at increased risk of the metabolic consequences of obesity. Information about family history of diabetes is readily available either from patients themselves or increasingly from routine primary care data. The excess risk of diabetes seen in individuals with a family history who are themselves overweight suggests that prevention of weight gain in this group may be an important preventive strategy.
Previous studies have examined the effect of weight reduction in individuals with a family history of diabetes. 30 ± 32 Wing et al reported a 25% reduction in incidence of diabetes among obese subjects with a family history who were able to lose 4.5 kg of weight during a 2 y randomized controlled trial. 32 Our results suggest that primary prevention of obesity in this high-risk group may reduce the excess risk of diabetes by nearly 40%. Such a strategy would be dependent upon the availability of effective interventions aimed at the prevention of weight gain rather than the treatment of obesity. A recent review suggests that this is an under-developed area of research. 33 
